and may even depress fatty acid synthesis from glucose and promote fatty acid release from this tissue (20) (21) (22) (23) . These hormones have no effect on the diaphragm (24) , with the exception of adrenaline and noradrenaline, which depress its glucose uptake (25, 26) . 2) Several factors in human serum antagonize the effects of insulin on the diaphragm in vitro, as reviewed recently by Berson and Yalow (27) . There are no antagonists in human serum other than insulin antibodies that affect the response of adipose tissue to insulin. The facts listed under 1) and 2) would tend to yield either erroneously high levels of ILA with the adipose tissue technic, or erroneously low levels with the diaphragm technic.
3) Furthermore, ILA of human serum is almost totally suppressed by insulin antibodies when measured with the diaphragm (28) , but only partially so in the adipose tissue assay (29) . Thus, adipose tissue might be sensitive to insulin-like substances differing from insulin in their metabolic effects on other tissues and possibly also in their immunological properties.
The following studies have been undertaken in an attempt to answer some of these questions. Besides glucose uptake, the net gas exchange of adipose tissue was used as an additional metabolic index of ILA. Net gas exchange of adipose tissue is proportional to fatty acid synthesis from glucose (30) , and so is very sensitive to insulin stimulation; it entails only a relatively simple manometric measurement. The simultaneous measurement of these indexes of adipose tissue metabolism was expected to permit a distinction between truly insulin-like effects and the effects of lipolytic hormones in serum. The results demonstrate that the effects of serum on these indexes of adipose tissue metabolism cannot be distinguished from those of pure crystalline insulin. 1816 The major part of serum ILA, however, was not suppressed by insulin antibodies, and only a small portion that increased after glucose administration and was elevated in patients with active 8-islet-cell adenoma was inhibited by antibodies. The values of suppressible ILA in normal subjects before and after glucose administration and in patients with ,8-islet-cell adenoma were in the same order of magnitude as those found by Yalow and Berson (15) by immunoassay. Some of the results have been presented elsewhere in preliminary form (31) .
METHODS
Recrystallized pork insulin1 with an activity of 23.9 U per mg was used as a standard. A portion of 1.25 mg was weighed on a Mettler ultramicrobalance, dissolved in 3 ml 1/250 N HCl, and stored at 40 C for no longer than 4 weeks. For each assay, serial dilutions with Krebs-Ringer bicarbonate buffer containing 200 mg gelatin per 100 ml were freshly prepared. The final dilutions, containing 10 and 1,000 ,uU per ml, were made in Krebs-Ringer bicarbonate buffer containing 1.5 g albumin2 per 100 ml. Before use, the albumin was dialyzed for 24 hours against two charges of Krebs-Ringer bicarbonate buffer, and the albumin concentration was determined. The concentration of FFA in albumin buffer (1.5 g per 100 ml) was 0.30 ,uEq per ml.
Serum was separated from the red cells within 1 hour after the blood was drawn, and it was stored at -20°C. Shortly before use, the serum was thawed, diluted 1: 5 with Krebs-Ringer bicarbonate buffer, and the glucose content was adjusted to 200 mg per 100 ml. The flask constants of the Warburg vessels were determined according to Umbreit, Burris, and Stauffer (32) . The manometers contained Brodie's solution. The net gas exchange was expressed in microliters of gas evolved or removed per gram of wet tissue per hour. No correction of the volume occupied by the tissue (between 150 and 450 mg per flask) was applied, since the amount of tissue was relatively constant within each assay and the quantity was small compared to the total volume of the flasks (average, 15.5 
ml).
True glucose was determined enzymatically with glucose oxidase by the test combination set of Boehringer. The samples were pipetted into the reagent mixture on ice, and then transferred to a water bath at 370 C, where the color reaction proceeded during 20 all samples and an automatic pistol-type syringe pipette 4 for the delivery of the deproteinizing agent and the reagent mixture. All samples were deproteinized in duplicate, and a duplicate color reaction was carried out for each supernatant fluid. In one experiment, chromatographically pure, uniformly labeled glucose-C14 5 was used.
Procedures for isolation and counting of C'4-labeled metabolites have been reported elsewhere (30) . Free L-lactic acid was prepared from the calcium salt by passage over a cation exchange resin. L-Lactic acid was determined with lactic dehydrogenase by the test combination set of Boehringer. Palmitic acid was added to concentrated albumin as the potassium salt during heating to 40°C and continuous stirring. FFA were determined according to Gordon (33) .
Guinea-pig antibeef insulin serum was produced in a manner similar to that of Moloney and Coval (34) . Severe hypoglycemic reactions were encountered in guinea pigs when more than 3 U of emulsified insulin 7 were administered subcutaneously for the initial injections. Twenty guinea pigs of both sexes were injected at intervals of 2 weeks with increasing amounts of depot insulin, starting with 3 U and attaining ultimately 20 U per injection. After 6 to 8 injections, an antibody titer equivalent to between 0.25 and 0.50 U per ml serum was obtained. Thereafter, the animals were injected once a month with insulin, and blood was obtained repeatedly by heart puncture 6 to 10 days after the last insulin injection. Several batches of pooled anti-insulin serum of two groups of 20 animals each were used and yielded identical results. The antibody titer was determined by measuring the inhibition of the effects of crystalline pork insulin on pooled epididymal adipose tissue im vitro. The guinea-pig antibeef insulin antibody was shown to possess an electrophoretic mobility of a y-globulin, and it could be purified with the conventional ammonium sulfate fractionation without any loss of antiinsulin activity.
Experimental procedure. Anti-insulin serum was added in a concentration of 0.1 ml per 5 ml human serum diluted 1: 5. The fraction of serum ILA that did not lose its activity when treated with anti-insulin serum was termed "nonsuppressible ILA." Total ILA was measured by treating the serum with the same amount of normal guinea-pig serum instead of anti-insulin serum. Suppressible ILA was obtained by subtracting nonsuppressible ILA from total ILA. No preincubation of the serum with the anti-insulin serum was carried out before the tissue was added. Sera were allowed to stand at room temperature for 20 minutes after thorough mixing with the anti-insulin serum before the tissue was added for incubation. In each insulin assay, 4 of the 12 available Warburg flasks were used for the incubation of two insulin standard concentrations (10 and 1,000 juU per ml). The remaining flasks served for the determination of ILA of two sera in the absence and presence of anti-insulin serum, each in duplicate. The figures of ILA given in the text, tables, and figures represent the mean of the results obtained with the net gas exchange and with the glucose uptake in microunits per milliliter undiluted serum.
Twelve pure-bred male Osborn-Mendel rats weighing between 120 and 180 g were decapitated after an overnight fast. Care was taken to select 12 rats for each assay whose weight varied less than 20 g. This point needs to be stressed, since large differences in animal or tissue weight tend to nullify the advantage of the pool design used in this assay. The epididymal fat pad was cut at the base. Each side was then dissected into 6 equal pieces, and care was taken to traumatize the tissue as little as possible. If the 12 pieces prepared per rat differed very much in size, however, we did not hesitate to equalize these differences as carefully as possible by further dissections. Each piece was then dropped into one of the 12 Warburg flasks containing 2 ml of incubation medium, and the pieces were distributed so that each flask contained two distal parts, one from the left and one from the right side, two proximal parts from both sides, and so forth. The flasks containing the pooled tissue were kept at room temperature throughout the preparation. The tissue weight was obtained by weighing the flasks on a Mettler balance before and after addition of the tissue.
The preparation of the Warburg flasks to the point of aeration took 20 to 30 minutes. The flasks were treated with a mixture of 95% 02 and 5%o CO, for 6 minutes during shaking in a Warburg apparatus (Braun, type V 85) with a frequency of 96 per minute and an amplitude of 6 cm at a temperature of 37.50 C. The flasks were then closed, and manometric readings were taken every 15 or 30 minutes. In order to obtain adequate precision and an increment of net gas exchange that did not change at the end of incubation, the glucose uptake should exceed 20% (low insulin standard) and remain below 80%
(high insulin standard) of the glucose initially present in the flasks. A glucose uptake within these limits took place during a total incubation period of 2 to 3 hours, depending upon the amount and activity of the tissue used. This may easily be judged during each assay on the basis of the net gas exchange. The incubation was terminated when the positive net pressure change in the flasks containing the high insulin standards reached 250 to 300 mm (Brodie's solution).
Buffering capacity of incubation media as a function of protein concentration. The net gas exchange of adipose tissue is synonymous with the net change of presbuffer ,umoLes C02 ,umoles CO2 were displaced by 1.5 Emoles lactic acid from 2 ml of both 1: 5 diluted serum and 1.5 g albumin per 100 ml buffer. In order to have a similar buffering capacity in all media used, sera were therefore diluted 1: 5, and 1.5 g albumin per 100 ml was added to the buffer containing the standard concentrations of insulin. This addition of albumin, compared with buffer alone, did not alter basal glucose uptake, net gas exchange, or metabolism of glucose-C14. The effects of insulin on adipose tissue were neither inhibited nor potentiated by albumin. Lactic acid and FFA. In ten insulin assays, the average lactic acid concentration at the end of incubation was 10.1 + 4.1 SD and 11.8 + 4.4 mg per 100 ml in the presence of 10 and 1,000 /LU of insulin per ml, respectively. When 1: 5 diluted serum served as a medium, the lactic acid concentration was 5.2 mg per 100 ml initially and 10.9 mg per 100 ml at the end of incubation. When lactic acid was added to buffer in varying amounts before incubation, adipose tissue tended to adjust its final concentration to a constant value irrespective of the initial concentration (Table I) . Furthermore, the net gas exchange was the same whether lactic acid was being released or taken up by the tissue. Glucose used by the tissue for lactic acid formation appears to be lost for oxidation and fatty acid synthesis, and the metabolic net gas exchange accordingly appears to diminish and to Evaluation of glucose uptake and net gas exchange as metabolic indexes of serum ILA. a) Linear evolution of net gas exchange with time. A substantial decrease of the glucose concentration during incubation was inherent in this assay, since the glucose uptake served as a metabolic index. Figure 2 shows the evolution of the net gas exchange of tissue incubated in the presence of insulin and of serum. Although the average glucose concentration in the presence of 1,000 ALU of insulin per ml had fallen from 200 to 82 mg per 100 ml at the end of incubation, the net gas exchange remained virtually linear. b) Insulin standard curves. The regular insulin standard concentrations used routinely were 10 and 1,000 gU per ml. In each assay, a pair of standards was run to determine the regression coefficient for each individual assay. Figure 3 shows that the glucose uptake and the net gas exchange were linear functions of the logarithm of the insulin concentrations in the range between 10 and 1,000 gU per ml. In Figure 3 , the mean standard curve of 31 regular 2-point insulin assays was compared with three 4-point assays (10, 50, 250, and 1,000 ,uU per ml). The mean curve of these 4-point assays was nearly linear for both metabolic indexes and was practically superposable on the mean standard curve of the 2-point assays.
Crystalline human insulin yielded standard curves that were superposable on the regular standard curves with crystalline pork insulin. c) In three recovery experiments summarized in Table  II, as little as 25 ,tU per ml diluted serum was regularly detected, and the amount of insulin recovered corresponded to the amount added within the error of this method. No inhibition of the effect of insulin on adipose tissue by serum was observed. In one experiment, insulin was added to serum of a patient in diabetic coma and was quantitatively recovered. The mean weight of adipose tissue per flask was 237 mg.
The 3-hour incubation was carried out in 2 ml buffer containing 200 mg glucose per 100 ml and no protein.
Each figure represents the mean of the results of 3 flasks.
d) Statistical analysis 8 of each assay was carried out separately for each metabolic index. SD was obtained according to the formula s = '1J; (a -b)2/n, where a and b were the duplicates of the standards and of the unknowns, and n was the number of duplicate determinations, equalling 6 in each regular assay. Thus, SD was obtained from data of sera as well as those of the insulin standards. To find out whether this simplification was justified, SD of each group, i.e., of the two insulin standards and of the sera, was calculated separately on the basis of the data of 28 regular insulin assays in which 104 sera had been tested. On the basis of these results, shown in Table III , we felt justified in poo.ing all data of each assay to arrive at the SD.
As an index of precision, the X = s/b was used, where b was the regression coefficient of the standard curve. The average b for the glucose uptake on the basis of 53 assays was 1.126 and 149.9 for the net gas exchange. The X were 0.140 and 0.113, respectively. The worst X 8 We are indebted to Dr. C. Zeller for his advice and help with the statistical treatment of the data. (Table IV) . Contrary to this, results of ILA obtained with glucose uptake were proportional to the serum dilution. Therefore, the oxidation of uniformly labeled glucose-C'4 to C40, and its incorporation into the tissue fatty acids were determined in addition to glucose uptake and net gas exchange. Figure 4 shows a typical experiment in which all metabolic indexes other than net gas exchange yielded values of ILA proportional to the serum dilution.
The dilution effect of serum was reproduced with albumin as the only protein present in the medium. In the presence of 100 MU of insulin per ml, the net gas exchange was 23 and 127 Ml per g per hour in buffer containing 6 g albumin and 200 mg gelatin per 100 ml, respectively ( Figure 5 ). This effect of 100 MU insulin per ml in the high-protein medium corresponded to that of 25 MU in the low-protein medium. The dilution effect increased as the insulin concentration rose, and upon extrapolation to 200 MU per ml, the difference would have become approximately fivefold and thus would have corresponded to the dilution effect observed in undiluted serum as against that in serum diluted 1: 5.
Effects of amti-insulin serum. ILA of normal and of anti-insulin guinea-pig serum was found to be below 10 AU per ml. No effect on basal glucose uptake and net gas exchange of adipose tissue was detected when these sera were diluted 1: 50 as in the assay procedure. Antibeef insulin guinea-pig serum inhibited the action of crystalline insulin on adipose tissue entirely and inhibited human insulin as effectively as pork insulin. The effects of crystalline human insulin preincubated with human serum were also completely suppressed by antiihsulin serum (Table V) . Therefore, one would expect that the effects of endogenous insulin would also be inhibited by anti-insulin serum if it were present in serum in the same state as dissolved crystalline insulin. Tables V and VI show that the metabolic indexes of serum ILA were only partially inhibited in the presence Figure 6 shows the kinetic measurement of the net suppressed by an increase in the amount of anti-insulin gas exchange of adipose tissue incubated in serum in the serum from 0.025 to 0.200 ml per ml human serum.
presence and absence of anti-insulin serum. The net gas Serum ILA after iv administration of regular insulin. Between 0.1 and 0.6 U per kg body weight of regular insulin Novo representing a mixture of beef and pork insulin was injected intravenously into four normal subjects, and suppressible and nonsuppressible ILA were determined at intervals of 7 to 60 minutes after injection (Table  VII) . A rise of suppressible ILA was demonstrable for a period up to 15 minutes. The mean suppressible ILA rose from 102 to 2,728 ,uU per ml 7 minutes after insulin injection. Nonsuppressible ILA, however, stayed at the base-line level.
Effect of glucose administration to normal subjects on suppressible and nonsuppressible ILA.
Glucose, 100 g, was administered orally to five metabolically normal fasting subjects. As shown in Figure 8 , suppressible ILA rose from an average of 13 to 111 MAU per ml. This rise was statistically highly significant (p < 0.001) when the group data were submitted to an analysis of variance. Nonsuppressible ILA did not show any consistent change, and its mean activity was 122 before and 131 MU per ml after glucose administration. In five normal subjects infused with 1 g of glucose per kg body weight per hour for 2 pressible ILA of 44 ptU per ml. Suppressible ILA of normal subjects, however, after iv glucose administration and at comparable blood glucose levels, was significantly higher than that in juvenile diabetics (p < 0.001). In seven patients in diabetic coma,9 suppressible ILA was absent at an average blood sugar of 895 mg per 100 ml. Nonsuppressible ILA was normal. When the blood sugar was correlated with suppressible ILA (Figure 11 ), a highly significant correlation coeffi- The height of the column designates the average value, and the bracket, the range of suppressible ILA in normal subj ects. 0, after an overnight fast; X, during hypoglycemic attacks; and A, after 0.15 g of oral L-leucine per kg body weight. cient (r = 0.734, p < 0.001) was found in the normal subjects. In contrast to this, there seemed to be no correlation between suppressible ILA and blood sugar in 28 patients with diabetes mellitus (r = 0.240, p > 0.10). Comparison of effects of crystalline insulin with measured by glucose uptake and 39 MU per ml by those of the two forms of serum ILA. The mean net gas exchange (Table III) on 102 sera were correlated with those of the glucose uptake for the insulin standards and for the sera separately in the same way as in Figure 12 .
The regression coefficients of y upon x were 125.2 and 118.2, respectively. In addition, the data of the insulin standards, of suppressible ILA, and of nonsuppressible ILA were correlated separately. The three regression coefficients were 124.0 + 4.9 SD, 114 ± 11.2, and 103 ± 16.7, respectively ( Figure 12 ).
DISCUSSION
A procedure for the determination of serum ILA with pooled epididymal adipose tissue of 12 rats for each assay, based on the simultaneous measurement of glucose uptake and of net gas exchange, is described. The critical point in this procedure is the preparation of the tissue pool, when the collaboration of three persons is required for 30 minutes. The precision appears to be the result of the pool design and of the large number of animals used per assay. The other group of investigators (10) who reported an index of precision below 0.20 also incubated pooled tissue rather than single tissue pieces. Evidently, the advantages of such a pool design are turned into disadvantages when the tissue pieces from each rat are not dissected to as nearly an equal size as possible. Besides glucose uptake, net gas exchange was chosen as a metabolic index of ILA. The net gas exchange of adipose tissue reflects the respiratory quotient of this tissue and parallels fatty acid synthesis from glucose (30) (Figure 4 ). Serum equilibrated with 95 %o°2 and 5% CO2 was shown to release less CO2 into the gas phase upon addition of lactic acid ( Figure 1 ) and to retain more of the CO2 produced during incubation ( Figure  5 ) than Krebs-Ringer bicarbonate buffer. Similar buffering capacity of the two incubation media used in the insulin assay was achieved by diluting the sera 1: 5 and by adding 1.5 g albumin per 100 ml to the buffer containing the insulin standards. The influence of physiologic concentrations of two major metabolites in human serum, i.e., lactic acid and FFA, on net gas exchange and glucose uptake was examined and found to be negligible.
The simultaneous measurement of glucose uptake and net gas exchange was suited to determine whether the effects of serum on adipose tissue are truly "insulin-like," or whether hormones with lipolytic activity might interact, since these hormones have been shown to stimulate glucose uptake out of proportion to fatty acid synthesis and net gas exchange (20) (21) (22) (23) 35) . The average ILA of a heterogeneous group of 104 sera was 200 pU per ml by glucose uptake and 195 ptU per ml by net gas exchange (Table III) . Furthermore, net gas exchange and glucose uptake were correlated separately for the insulin standards and for the sera, and very similar regression coefficients of 125.17 and 118.21, respectively, were obtained. These observations signify that the effects of diluted serum on these metabolic indexes of adipose tissue are similar to those of crystalline insulin and that there are no hormonal or other factors that would raise glucose uptake out of proportion to net gas exchange. Similar conclusions were reached by Leonards, Landau, and Bartsch (36), who reported good agreement between the effects of insulin and serum ILA on a variety of indexes of adipose tissue metabolism.
In contrast to Ball and Merrill (11) , who also used net gas exchange of adipose tissue to determine serum ILA, we found no increase of ILA upon serum dilution, provided that a correction was applied for the increased buffering capacity of undiluted serum. Ball and Merrill did not take into consideration the problem of CO2 retention in the medium, which might explain the discrepancies between their results and ours. Sheps and co-workers (4) and Lyngsoe (16) found an increase of serum ILA upon dilution by using the oxidation of glucose-1-C4 to C1402 as a metabolic index. According to Lyngs0e, serum ILA in normal fasting subjects amounts to 71 /U per ml undiluted serum and to 174 IU per ml when determined in serum diluted 1: 5. Adipose tissue might conceivably oxidize unlabeled substrates such as lactic acid, which might lead to diminished oxidation of glucose in undiluted serum. Therefore, it cannot yet be decided whether the slight dilution effect on serum ILA observed by these investigators is of any physiologic significance or not. In any event, the increase of serum ILA upon dilution is of a different order of magnitude with the diaphragm (18, 19) , and it has been shown that an insulin antagonist associated with plasma albumin is likely to be responsible for this effect (37) . It would appear from the data in this report as well as from other studies (38) According to Antoniades (40) and Shaw and Shuey (41), "free" insulin is released from a "bound" form in serum by incubation with adipose tissue homogenates. If such a process also took place in the presence of intact adipose tissue, the insulin "freed" during incubation might become subject to antibody suppression, and a progressive fall of the concentration of nonsuppressible ILA would be expected. Figure 6 shows that the net gas exchange of adipose tissue proceeded linearly whether adipose tissue was incubated in the absence or presence of anti-insulin serum. Contrary to this, the effects of crystalline insulin were entirely neutralized within 20 minutes after addition of anti-insulin serum, even after prolonged preincubation with insulin ( Figure 7 ). Intravenous injection of regular insulin led to a sharp rise of suppressible ILA, whereas nonsuppressible ILA remained unchanged, suggesting that exogenous insulin was not converted to nonsuppressible ILA (Table VII) . After oral and prolonged iv glucose a(lmimistration to normal subjects, there was a rise of suppressible ILA that correlated with the blood sugar level. No consistent effect on nonsuppressible ILA was observed ( Figure 8) .
Suppressible ILA was elevated in five out of six patients with 8-islet-cell adenoma and averaged 252 tU per nil, whereas nonsuppressible ILA was normal (Figures 9 and 10) . Two of these patients, one of whom had no suppressible ILA on two occasions, were submitted to an oral tolerance test with L-leucine. In both, severe hypoglycemia developed rapidly, and suppressible ILA rose to abnormally high levels of 209 and 595 1MU per ml, respectively. Since only suppressible ILA was elevated in patients with 18-islet-cell adenoma, it became at once apparent why the determination of suppressible ILA was a much more meaningful diagnostic tool than the measurement of total ILA.
Untreated patients with diabetes mellitus of recent onset appeared to have values of suppressible ILA that were higher than those of fasting normal subjects, but appreciably lower than those after glucose administration and at comparable blood sugar levels in normal subjects ( Figure 11 and Table VIII ). There appeared to be no correlation between blood sugar and suppressible ILA among these patients with diabetes mellitus.
All these findings suggest that suppressible ILA acts on the tissues in vivo and that it regulates the blood sugar. Our values of suppressible ILA in normal subjects before and after glucose administration correspond closely to those found by Yalow (46) . Whether nonsuppressible ILA might be released by the f8-islet-cells as such, or whether it might be a product of transformation of the insulin molecule by some other organ remains obscure. Samaan, Demptster, Fraser, and Stillman (47) found an increase of nonsuppressible ILA after passage of crystalline insulin through the liver in vivo, and they suggested that the liver might convert pancreatic insulin to the nonsuppressible form. Our results do not support this hypothesis. Nonsuppressible ILA did not rise after insulin injection and after glucose administration to normal subjects, although in both instances there was a considerable increase of suppressible ILA. Furthermore, nonsuppressible ILA was not restored to normal in alloxandiabetic rats after prolonged insulin substitution (45) . Lastly, crystalline rat insulin was rapidly inactivated by rat liver perfused in vitro in the presence of albumin, but it was not converted to nonsuppressible ILA (48) .
Antoniades, Gundersen, and Pyle (49) reported a consistent and marked decrease of "bound" insulin after glucose administration to normal subjects. Nonsuppressible ILA remained unchanged under these conditions, and these two substances would appear to be different entities. SUMMARY 1) An adipose tissue assay for serum insulinlike activity (ILA) is described that makes use of glucose uptake and net gas exchange as metabolic indexes. Owing to a tissue pool design of 12 rats per assay, satisfactory precision was obtained.
2) Upon serum dilution, there was a proportional decrease of serum ILA, provided that the values of net gas exchange were corrected for increased CO2 retention in undiluted serum. 3) Results of serum ILA from both metabolic indexes correlated well. Serum diluted 1: 5 appeared to influence these two metabolic indexes in a similar manner as crystalline insulin. 4) Only 7% of total serum ILA of normal fasting subjects was suppressed by anti-insulin serum. Upon iv injection of regular insulin to normal subjects, suppressible ILA rose, whereas nonsuppressible ILA did not change. Oral and iv glucose administration led to a rise of suppressible ILA that was related in magnitude to the blood sugar level. 5) In most serum samples of six patients with active 8-isletcell adenoma, suppressible ILA was elevated and nonsuppressible ILA was normal. 6) In patients with untreated diabetes mellitus of recent onset, suppressible ILA was higher than in fasting normal subjects, but much lower than in normal subjects at comparable blood sugar levels. Suppressible ILA was not detected in patients in diabetic coma who had normal levels of nonsuppressible ILA. 7) Preliminary evidence suggests that nonsuppressible ILA affects adipose tissue metabolism in a way similar to crystalline insulin, that it is less effective in vivo than in vitro, or ineffective, and that it may be closely related to the insulin molecule.
